The INT3 gene is frequently rearranged in mouse mammary tumor virus (MMTV)-induced mammary tumors of the CzechII mouse strain. We have completed the nucleotide sequence of the normal 6.5 Kb INT3 RNA and de®ned the intron/exon boundaries of the gene. The open reading frame of INT3 RNA should encode a 200 kd protein which shares 60% homology with the mouse homologue of Drosophila NOTCH. INT3 is unique among other members of the NOTCH family by containing 29 instead of 36 EGF-like repeats in the extracellular domain of the gene product. Five novel EGF-like repeats have been created as consequence of apparent small deletions which have occurred within the coding region for the extracellular domain during evolution. Nucleotide sequence analysis of host-viral junction fragments from nine independent MMTVinduced mammary tumors containing a rearranged INT3 gene reveals that all of the integration events occur within a 174 bp region 3' of the sequences encoding the LIN12 repeats in the INT3 extracellular domain and 5' of the sequences encoding the transmembrane domain. Therefore, the only tumorigenic INT3 mutations resulting from MMTV proviral insertions are those which results in the expression of the intracellular domain. This strongly suggests that MMTV-induced activation of INT3 is manifest in the absence of the regulatory action of the extracellular domain, including the LIN12 repeat sequences, leaving the expressed intracellular domain constitutively free to function in its role in mammary tumorigenesis.
Introduction
In the mouse model for mammary tumorigenesis, the mouse mammary tumor virus (MMTV) provides a means to identify genes which contribute to tumor initiation and progression, when their expression is altered as consequence of viral integration near or within them (reviewed in Calahan, 1996) . The primary mechanism by which MMTV activates the expression of these genes is through the positive in¯uence of enhancer sequences within the long terminal repeat (LTR) element of the viral genome on the transcription promoter of the target gene. In previous studies we identi®ed a novel common insertion site for MMTV, designated INT3, in mammary tumors arising in the Czech feral mouse strain (Gallahan and Callahan, 1987; Robbins et al., 1992) . Southern blot analysis of these tumors showed that MMTV integrates within a limited region of INT3 and in the same transcription orientation, activating the expression of a truncated INT3 RNA species initiated within the MMTV LTR. Nucleotide sequence analysis of the activated INT3 RNA species demonstrated that it shared signi®cant homology with Drosophila NOTCH gene (N) .
Drosophila N encodes a receptor protein which is involved in cell fate decisions at multiple stages of development (reviewed in Artavanis-Tsakonas et al., 1995) . In mammals, three homologues of Drosophila N (designated NOTCH-1, -2, and -3) have been described (reviewed in Lardelli et al., 1995) . Activation of N function is initiated by the physical interaction of its extracellular domain with either of two known ligands, DELTA (Dl) and SERRATE (Ser) (reviewed in Artavanis-Tsakonas, Matsuno et al., 1995) . In Drosophila these ligands play equivalent but complementary roles in compartment speci®c signaling for wing margin development (Doherty et al., 1996) . Expression of truncated variants of the N genes in which the intracellular domain is overexpressed represents a gain of function mutation. The phenotypes resulting from these truncated mutants mimic the eect of the interaction between the N extracellular domain and either Ser or Dl on the intracellular domain function (Fortini et al., 1993; Lieber et al., 1993; Rebay et al., 1993) . In either case the signal for N function is transmitted to the nucleus through the interaction and translocation of the intracellular domain of N with the Suppresser of Hairless Su(H) protein (Fortini and Artavanis-Tsakonas, 1994) . Su(H) is closely related to the CBF1/KBF-2/RBP/Jk family of mammalian DNA binding proteins (Furukawa et al., 1992; Schweisguth and Posakony, 1992) . The known target of activated N/Su(H) is the Enhancer of Split complex (E(spl)-C), a locus composed of eight genes (Delidakis et al., 1991; Hartley, 1988; Knust et al., 1992; Mallo et al., 1993; Schrons et al., 1992) . E(spl)-C encodes seven functionally redundant basic helix ± loop ± helix (bHLA) DNA binding proteins that are transcriptional repressors and another ubiquitous nuclear protein with homology at the carboxy-terminus to Gprotein b-subunits. Bailey and Posakony (1995) have suggested that Drosophila Su(H) activates transcription of genes within the E(spl)-C in response to N activation and point out that three of these genes contain multiple speci®c binding sites for Su(H). Up regulation of E(spl)-C is thought to suppress the expression of achaete-scute gene complex (AS-C) which encodes tissue speci®c transcription factors essential to neuroblastic dierentiation (Heitzler et al., 1996) . In addition, Heitzler et al. (1996) have provided evidence for a regulatory loop between N and Dl that is under the transcriptional control of E(spl)-C and AS-C, such that within a cell or group of cells, activation of N leads to suppression of Dl expression.
In previous studies (Jhappan et al., 1992; we have demonstrated that transgenic mice expressing the truncated INT3 gene product from the MMTV LTR exhibit deregulation of normal developmental controls and hyperproliferation of glandular epithelia including: the salivary glands, glands of the nasal mucosa and maxillary sinus, the extraorbital lacrimal glands and Harderian glands. An antiserum raised against a unique peptide within the intracellular domain of INT3 reacts speci®cally with mammary adipocytes; mammary epithelium, including the specialized cap cells of the terminal end bud; stromal cells; and endothelium . In the MMTV LTR-INT3 transgenic mice, mammary gland development and function were also severely impaired such that both mammary ductal growth and secretory lobule development were curtailed in these mice. We suggested that these eects could be attributed to a gain of function modi®cation of INT3 leading to a restriction of cell fate selection in the aected mammary epithelial cells. All MMTV LTR-INT3 transgenic females developed mammary tumors by 4 months of age. With regard to the eect of truncated INT3 expression on mammary gland development, these results were con®rmed and extended in another transgenic mouse line in which INT3 was expressed from the whey acidic protein (WAP) promoter (Gallahan et al., 1996) . The activity of the WAP promoter, unlike the MMTV LTR, is restricted to the secretory mammary epithelial population (Burdon et al., 1991; Pittius et al., 1988) . In transgenic mice expressing the WAP-INT3 construct, mammary ductal growth was unaected in virgin females, but growth and dierentiation of secretory lobules during gestation was profoundly inhibited. Coincidental with the block in secretory dierentiation, mammary displasia and tumorigenesis occurred in all breeding females by 25 weeks of age. All transgenic INT3 mammary tumors, regardless of the promoter were highly malignant since most tumor bearing females, irrespective of breeding history, developed metastic lung lesions.
To gain further insight into the relationship between INT3 and the mammalian NOTCH gene family we have determined the complete nucleotide sequence of the normal INT3 RNA transcript and its organization within the mouse genome. In addition, we have de®ned, by nucleotide sequence analysis, the location of the insertion sites for MMTV in nine independent mammary tumors having a viral induced rearrangement of INT3 to determine if there is a biologically signi®cant explanation for the apparently limited region within INT3 for viral integration.
Results
We hybridized a Northern blot of poly-A selected RNA from several adult tissues with a genomic DNA probe corresponding to a portion of INT3 5' of the viral integration sites to identify the normal INT3 RNA species (see Figure 1) . A 6.5 Kb INT3 RNA species was readily detected in lung, heart, skeletal muscle, testis, and brain ( Figure 2 ). Signi®cantly lower steady state levels of INT3 RNA were detected in the liver and in normal mammary gland tissue from virgin, pregnant, and lactating mice by a RT ± PCR assay (data not shown).
The nucleotide sequence of the portion of the INT3 gene not aected by promoter initiation from the MMTV integration was determined through the analysis of ®ve overlapping INT3 related recombinant clones from a lung cDNA library (Figure 1) . The nucleotide sequence of a sixth cDNA clone, designated 241 (Figure 1 ), has previously been reported (Robbins et al., 1992 (Figure 1 ). The organization of the extracellular domain of Drosophila N is also depicted in Figure 1 for comparison and is characterized by 36 tandem epidermal growth factor-like (EGFL) repeat sequences, three tandem cysteine rich LIN12 repeats, and two conserved cysteine residues located between the LIN12 repeats and the transmembrane domain. In Drosophila N, EGFL repeats no.11 and no.12 have been shown to be both necessary and sucient for the binding of the two known N ligands, Delta (Dl) and Serrate (Ser) (Rebay et al., 1991) . The sequence of these two repeats have been conserved in INT3 and are 48 and 54% identical to the equivalent repeats in Drosophila and Xenopus, respectively ( Figure 3 ). Relative to the other rodent NOTCH proteins these two INT3 EGFL-repeat sequences are 57, 52, and 52% similar to the equivalent repeats in NOTCH-2, -1 and -3; respectively. Moreover, a comparison of the entire amino acid sequence of INT3 with the sequence of Drosophila N and other rodent NOTCH proteins show that they are overall 58 and 60%, respectively similar, whereas, the other rodent NOTCH gene products are more similar to one another (69 ± 70%) and to Drosophila N (62 ± 63%) ( Table 1) . This is consistent with INT3 being a distantly related member of the NOTCH gene family and being renamed NOTCH4/ INT3. A similar conclusion was reached by Uyttendaele et al. (1996) .
There are certain dierences in the composition of extracellular and intracellular domains of the NOTCH4/INT3 protein, that distinguishes it from other members of the NOTCH family. NOTCH4/ INT3 contains only 29 EGFL repeats in its extracellular domain (Figure 1 ). Using the PileUp program we have aligned the EGFL repeats of the four NOTCH proteins. Shown in Figure 4a is a comparison of EGFL repeats no.14 and 15. In this example the C-terminal 14 residues of repeat no.14 and the N-terminal 23 residues of repeat no.15 have been lost. This results in the creation of a novel EGFL repeat in which the critical positioning of the cysteine residues have been preserved. Four additional NOTCH4/INT3-speci®c EGFL repeats have been created in a similar manner in which the fusion partners are: EGFL repeat no. 16 with repeat no. 17, repeat no. 20 with repeat no. 23, repeat no. 26 with repeat no. 27, and repeat no. 31 with repeat no. 32 ( Figure 4b ). In addition, EGFL repeat no. 2 contains an insertion of ten amino acid residues and EGFL repeat no. 19 contains a deletion of seven amino acid residues relative to the respective NOTCH1 EGFL repeats (data not shown). The loss of the seven EGF repeats does not appear to be a consequence of RNA splicing, but is more likely to have occurred during evolution as a result of ®ve internal deletions of the gene. In each case the deletions have occurred within an exon: EGFL repeat no. 14/15 and repeat no. 16/17 are encoded by exon 10, EGFL repeat no. 20/23 is encoded by exon 12 EGFL, repeat no. 26/27 is encoded by exon 15, and EGFL repeat no. 31/32 by exon 18 (Figure 2) .
Restriction enzyme mapping of the MMTV integration sites within NOTCH4/INT3 in ®ve independent mammary tumors demonstrated that they all were within a 500 bp region of the cellular genome and in the same transcriptional orientation (Gallahan and Callahan, 1987) . To ascertain whether the position of the target region within the gene could provide insights into the apparent strong selection for viral integration and tumorigenesis, we have determined the nucleotide sequence of the host-viral junctions in nine independent MMTV induced mammary tumors (Figure 5a ). In eight of these tumors the viral integration occurred within the 177 bp of exon 22. Furthermore, in six of the tumors the viral integration site corresponded to either base pair 4297 or 4318 of NOTCH4/INT3 RNA. In the ninth MMTV induced tumor, the viral insertion occurred at base pair 4186 in exon 21. We have previously reported a mouse mammary tumor in which NOTCH4/INT3 is activated by the integration of an intracisternal type A particle (IAP) genome (Kordon et al., 1995) . Nucleotide sequence analysis of the IAPhost junction proved that the insertion occurred at base pair 4418 in exon 23. The region of NOTCH4/INT3 RNA from 4186 to 4418 encodes the portion of the extracellular domain of the protein which lies between the LIN12 repeats and the transmembrane domain. In the eight out of the nine MMTV-induced tumors we would predict that the activated NOTCH4/INT3 gene product would be initiated at the methionine (residue 1411) located just N-terminal of the transmembrane domain whereas in tumor 3187 translation initiation might start at residue 1381 (Figure 5b ). In the case of the IAP induced tumor the activated NOTCH4/INT3 gene product is a chimera initiated at an in-frame methionine within the reverse IAP LTR RNA sequence and continues on at amino acid residue 1446 of NOTCH4/INT3 (Kordon et al., 1995) . Thus in all ten cases the activated NOTCH4/INT3 gene product present in the transformed cells would be composed of a few residues of the extracellular domain, the transmembrane domain and the intracellular domain; but would not be inserted in the membrane because of the absence of a signal peptide sequence.
Discussion
The data presented here con®rms and extends our previous ®ndings that suggested INT3 is a member of the NOTCH gene family (Robbins et al., 1992) . In those studies we reported that the activated portion of the INT3 protein in MMTV induced mouse mammary tumors shares signi®cant homology with the intracellular domain of members of the NOTCH gene family. In this study we have determined the nucleotide sequence of the complete uninterrupted INT3 RNA transcript and have shown that the organization of the remainder of the encoded protein also shares signi®cant homology with other members of the (Feng and Doolittle, 1987; Higgins and Sharp, 1989 ) of EGFL-repeats 11 and 12 from dierent members of the NOTCH gene family. MOTCH corresponds to the mouse homologues of NOTCH1, -3, and -4/ INT3; ROTCH2 corresponds to the rat homologue of NOTCH2. Letters in bold correspond to amino acid residues which are identical in all NOTCH related proteins tested. The underlined letters indicate amino acid residues which are identical in MOTCH4/INT3 and one to four other members of the family. The abbreviations for amino acid residues are: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; Y, Tyr (1996) which support this conclusion. It has been proposed that the NOTCH family arose through gene duplication between the divergence of arthropods and amphibia from the mammalian lineage (Lardelli and Lendahl, 1993) . Comparison of the amino acid sequences of the dierent rodent NOTCH gene products demonstrated that, evolutionarily, NOTCH4/INT3 is the most distantly related member of the gene family.
The EGFL-repeats in the extracellular domain of Drosophila N are involved the binding of its ligands, Delta (Dl) and Serrate (Ser). In fact of the 36 EGFLrepeats of N, only repeats 11 and 12 are both necessary and sucient for binding Dl and Ser (Rebay et al., 1991) . The equivalent EGFL-like repeats have been conserved in all members of the NOTCH family raising the possibility that the mammalian homologues of Dl and Ser are promiscuous in their ability to bind to dierent members of the NOTCH family. Supporting this possibility was the demonstration that the Xenopus NOTCH EGFL-repeats 11 and 12 can substitute for the equivalent Drosophila EGFL-repeats in binding insect Dl or Ser (Rebay et al., 1991) . A second possibility is that Dl and Ser are themselves members of families of related mammalian ligands which bind to speci®c NOTCH receptors (Lindsell et al., 1995) . In this regard the functional interrelationship between members of the EGF receptor gene (EGFR) family with the family of EGF-related ligands may represent an instructive paradigm in which there are examples of both ligand/receptor speci®city and promiscuity (Earp et al., 1995) .
Dierences between the intracellular domain of NOTCH4/INT3 and other members of mammalian NOTCH proteins have previously been noted (Robbins et al., 1992) . In this study we have detected additional dierences between the NOTCH4/INT3 extracellular domain and the corresponding domains of other NOTCH proteins which may have biological significance. Relative to the extracellular domains of NOTCH1 and -2, the corresponding domain of NOTCH4/INT3 is missing several of the equivalent EGFL-repeats. In each case portions of adjacent EGFL-repeats have been fused to form ®ve novel EGFL-repeats; these include: EGFL-repeats 14 and 15, 16 and 17, 20 and 23, and 31 and 32. A similar phenomenon has occurred in NOTCH3 where portions of EGFL-repeats 2 and 3 are fused to form a novel repeat and EGFL-repeat 21 is missing (Lardelli et al., 1994) .
The presence of ®ve novel EGFL-repeats in the extracellular domain of NOTCH4/INT3 has at least two potential functional implications for its biological role in development. It has been suggested that Drosophila N may have, in addition to Dl and Ser, other as yet unknown ligands since only two of the 36 EGFL-repeats are required for binding Dl and Ser; and because N has a role in cell-fate decisions at several dierent points during development (Rebay et al., 1991) . Similarly NOTCH4/INT3 is expressed in all adult tissues that have been tested and during embryonic development, therefore it seems possible that the novel EGFL-repeats of NOTCH4/INT3 could correspond to binding sites for novel ligands which are speci®c for this receptor protein.
Alternatively there is abundant genetic evidence that viable mutant alleles of Drosophila N, which are the result of single amino acid changes that cluster to particular EGFL-repeats, associate with speci®c altered developmental phenotypes. Three classes of these N mutations (Split (Spl), Abruptex (Ax), and (N ts )) are potentially relevant to NOTCH4/INT3 (reviewed in Simpson, 1994) . The Spl mutation is located in EGFLrepeat 14 and is associated with an altered eye phenotype in Drosophila. By developmental and genetic criteria Ax mutations, depending on the particular mutation, can either suppress or enhance the nicked wing phenotype produced by the N allele. These mutations are located within EGFL-repeats 24 to 29. Further the suppresser and enhancer Ax alleles are located in the proximal and distal halves of the Ax region, respectively. In addition, Ax mutations when genetically located cis to the Spl mutation enhance the expression of the Spl phenotype. The conditional mutant, N ts , is the consequence of a point mutation in EGFL-repeat 32 which causes lethality and loss of N function at the nonpermissive temperature. It has been suggested that the lack of viable mutants mapping to other EGFL repeats probably indicates that most missense mutations will give rise to recessive lethal or dominant phenotypes. Therefore, it is signi®cant that in NOTCH4/INT3 three out of the ®ve novel EGFLrepeats (repeats 14 ± 15, 26 ± 27, and 31 ± 32) are the equivalent EGFL-repeats in which each class of these missense mutations occurs. This suggests that during evolution the same selective constraints imposed on the location of viable missense mutations have, at least in part, de®ned the location and extent of the deletions in NOTCH4/INT3. In this scenario, the creation of novel EGFL-repeats for 16 ± 17 and 20 ± 23 suggest a more limited or specialized role for NOTCH4/INT3 in mammalian development. A similar argument could be made for NOTCH3 which has lost the equivalent of EGFL-repeat 21 and contains a novel EGFL-repeat composed of portions of repeats 2 and 3 (Lardelli et al., 1994) .
Our earlier studies (Gallahan and Callahan, 1987) indicate that there was a strong selection for the location of the viral integration sites within the gene in mammary tumors in which NOTCH4/INT3 was activated by MMTV. The nucleotide sequence analysis of host-viral junctions demonstrate that all of the viral integration events, including a tumor containing a transposed integrated IAP genome, occur within one of three exons which encode the portion of the extracellular domain located between the LIN12 repeats and the transmembrane domain. Molecular biological studies of Drosophila N, as well as, murine and human NOTCH1 genes aimed at determining the biological consequences of deletions of various portions of the extracellular domain provide a potential explanation for the limited target region for MMTV integration (Aster et al., 1994; Ellison et al., 1991; Fortini et al., 1993; Hsieh et al., 1996; Jarriault et al., 1995; Kopan et al., 1996; Nye et al., 1994; . Several of these studies have shown that loss of the EGFL repeats and LIN12 repeats represent a gain of function mutation. However, if only the EGFL-repeats are deleted, no gain of function phenotype is obtained (Kopan et al., 1996) . Based on this observation it has been suggested that the LIN12 repeats participate in maintaining the native receptor in an inactive state. Therefore, it is not unexpected that there would be a selection for viral integration events occurring 3' of the LIN12 encoding sequences. Within this region there are two conserved cysteine residues which, it has been postulated, mediate dimerization in response to ligand binding (Kidd et al., 1989) . However, there appears to be no selection for MMTV integration 5' or 3' of the regions encoding the two conserved cysteine residues (Figure 5b ). This implies that either these cysteine residues are not important for dimerization or that dimerization of the truncated NOTCH4/INT3 gene product is not necessary for its biological activity.
A second requirement for functional activation of the native NOTCH1 in response to ligand binding is that the intracellular domain be proteolytically cleaved at a site located between residues 1721 and 1757 (mNOTCH1, Kopan, Schroeter et al., 1996) . It has been proposed that upon cleavage, the intracellular domain localizes to the nucleus where it interacts with the transcriptional repressor CBF1, the mammalian homologue of Drosophila Suppresser of Hairless (Hsieh et al., 1996) . The CBF1 binding region of mNOTCH1 is located between amino acid residues 1751 to 1864. The equivalent region in NOTCH4/INT3 corresponds to residues 1471 to 1572. After the methionine at residue 1411 of NOTCH4/INT3, the next potential translation initiation site is at residue 1532. Activated NOTCH4/INT3 gene products initiated at this methionine would be missing most of the CBF1 binding region and would be expected to be nonfunctional. Therefore it seems likely that the 3' boundary of the MMTV integration region is the codon for amino acid residue 1410.
An equivalent target region has been demonstrated in NOTCH1 for Moloney leukemia virus (MoMuLv) in thymomas of MMTV D /myc transgenic mice by Girard et al. (1996) . They found that in 18 out of 22 tumors the viral integration site was located in the region between sequences encoding the LIN12 repeats and the transmembrane domain. This supports the notion of a common mechanism for retroviral (and retrotransposon) activation of members of the NOTCH family. Since all members of this gene family are expressed in the mammary gland during various stages of its development (our unpublished data), it will be important to ascertain whether members other than NOTCH4/INT3 are activated by MMTV in preneoplastic mammary outgrowths and tumors.
Materials and methods
Northern blot analysis of NOTCH4/INT3 expression in adult tissues RNA was prepared from a variety of mouse tissues as described previously (Chomczynski and Sacchi, 1987) . Poly(A) RNA was puri®ed using the Fast Track mRNA isolation kit according to the manufacturer's speci®cations (Invitrogen). Puri®ed poly(A) selected RNA was spectrophotometrically quantitated for analysis by Northern blot. Ten mg of oligo dT selected RNA was run on a 1% agarose gel containing formaldehyde. The electrophoresed RNA samples were then transferred to a nylon membrane and hybridized sequentially with a b-actin dDNA probe and a NOTCH4/INT3 genomic DNA probe (probe B, Figure 1 ) corresponding to the 3' end of the region of the encoding the extracellular domain as previously described (Kordon et al., 1995) . In brief the hybridizations were performed in 36SSPE/56 Denhardts solution and 40% formamide at 378C. After hybridization, the blot was washed twice in 26SSC/0.5% SDS repeated by two washes with 0.26SSC/0.5% SDS at 658C. Filters were exposed to Kodak XAR-5 ®lm for 3 ± 5 days and developed.
Isolation and nucleotide sequence analysis of NOTCH4/INT3 recombinant cDNA clones Overlapping cDNA clones were obtained by sequential PCR reactions from an end tailed mouse lung cDNA library (Clontech). This strategy incorporates an initial 5' prime RACE PCR using a known reverse 3' primer and a primer speci®c for the tail as the forward 5' primer. Once this fragment was cloned, its nucleotide sequence determined, a new speci®c reverse primer could be prepared for the next round of 5' cloning. In this way overlapping cDNA clones were obtained of the NOTCH4/INT3 transcribed sequences. Primers were synthesized on a MilliGen/Biosearch 8700 DNA synthesizer according to the manufacturer's speci®cations. PCR reactions were performed on a GenAmp PCR System 9600 (Perkin Elmer Cetus) as previously described (Kordon et al., 1995) . Using this approach 5' overlapping independent cDNA clones were obtained covering the remaining 4.2 kb of NOTCH4/ INT3 gene. The location and size of the individual clones are shown in Figure 1 .
Identi®cation of exon/intron boundaries and MMTV integration sites
Using a primer set corresponding to a portion of the gene encoding the intracellular region of NOTCH4/INT3 , a P1 plasmid clone was obtained from Genetic Research, Inc. The recombinant plasmid clone contained approximately 75 Kb of mouse genomic DNA. PCR analysis using dierent NOTCH4/INT3 cDNA primers established that this clone contained the entire gene. The exon/intron boundaries of NOTCH4/INT3 were established by nucleotide sequence analysis of restriction fragment subclones of the NOTCH4/INT3 P1 plasmid using selected oligo-nucleotide primers corresponding to transcribed NOTCH4/INT3 sequences. The site of MMTV integration in NOTCH4/INT3 was determined by nucleotide sequence analysis of recombinant clones of PCR products spanning the host-viral junction genomic DNA from MMTV induced mammary tumors. The PCR fragments were obtained using MMTV LTR-speci®c primer (5'TCCCGTCTCCGCTCGTCACTTAT 3') and a reverse NOTCH4/INT3 primer 5' AGAACCTCCGATT-CACACACTCC 3' in exon 25 (Figure 1 ).
Nucleotide sequence analysis
The nucleotide sequence analysis of cDNA and genomic DNA clones was performed on the Pharmacia ALF automated sequencer. Fluorescence primers were synthesized as above and used for sequencing. Nucleotide sequence analysis of a portion of the 8 Kb EcoRI genomic DNA fragment containing the viral integration site was carried by the Department of Chemistry, University of Oklahoma. Sequence analysis and alignment was performed using the Sequence Analysis Software Package by Genetics Computer Group (GCG), Inc (Smithies et al., 1981) . Within the GCG package fragment assembly was performed by the fragment assembly system based on the method of Staden (1980) . Comparison between sequences was analysed by the BestFit sequence alignment program (Needleman and Wunsch, 1970; Smith and Waterman, 1981) . The nucleotide sequence of the overlapping NOTCH4/INT3 cDNAs has been entered in the GenBank replacing the nucleotide sequence of NOTCH4/INT3 cDNA 241 (accession no. M80456). The published cDNA 241 nucleotide sequence (Robbins et al., 1992) had been manually determined and has subsequently been found to contain several errors which aect the reading frame near the 5' and 3' ends of the sequence. In the new version these errors have been corrected.
